Introduction
The hydrogenation of oils and fats using Ni, Pd or Pt catalysts 1, 2 is meant to overcome the excessive amounts of unsaturated fatty acids in oils and fats. After the hydrogenation process, the saturated fat content, melting point and oxidation resistance of the oil increase, and the shelf life is prolonged 3, 4 . However, the hydrogenation of oils and fats results in substantial formation of trans fatty acids TFAs , and excessive TFAs are considered unhealthy 5 .
Studies have shown that the long-term intake of TFAs is likely to cause Alzheimer s disease and cardiovascular diseases such as high cholesterol and heart disease 6 .
In recent years, electrochemical hydrogenation technology has become a commonly used method for oil hydrogenation. Sáez et al. studied the synthesis of 1-phenylethanol through the electrochemical hydrogenation of acetophenone using 30 wt Pd/C with different loadings as a cathode and a hydrogen gas diffusion anode. A Polymer Electrolyte Membrane Electrochemical Reactor PEMER with a fuel cell structure was chosen to carry out the electrochemical reduction with the goal of simplifying an industrial scale-up of the electrochemical process. The results showed that the selectivity for 1-phenylethanol was around 90 with only ethylbenzene and hydrogen detected as by-products 7 . Zheng et al. used Pt/CNTs as the cathode catalyst in a solid polymer electrolyte SPE reactor to hydrogenate soybean oil, and obtained hydrogenated soybean oil with lower trans fatty acids 8 . The SPE reactor is a commonly used reaction device for electrochemical hydrogenation. The hydrogenation catalyst is used as a cathode, the proton source is derived from the electrolytic water at the anode, and hydrogen atoms are generated on the surface of the catalyst and then are added to the unsaturated bond of the fatty acid. Compared to traditional hydrogenation methods, the SPE reactor is superior in that it does not require a specific electrolyte, the product can be easily separated and purified, the selectivity of the hydrogenation reaction is enhanced, and the reaction temperature is lower. However, drawbacks include the fact that the structure of the reactor is complicated, the catalyst needs to be pressed onto the membrane, the reaction amount is small, and the reaction time is long. Therefore, the SPE reactor is only suitable to hydrogenate a small amount of oil in the laboratory and is not suitable for industrial production. Yu et al. studied the electrochemical hydrogenation of soybean oil with supercritical carbon dioxide SC-CO 2 using a self-made electrochemical hydrogenation reactor 9 .
rate is faster, the hydrogenation reaction time is shorter, the reaction amount is large, and it is suitable for industrial production with a TFA content in oil of 5.21 . However, the pressure of CO 2 filled in the reaction is too large, and the total pressure in the reactor is too high, presenting a problem. The amount of H 2 has an important influence on hydrogenation reactions. Chen and Chavez et al. researched the vapor-liquid equilibrium of hydrogen and hydrocarbon and the impact of vapor-liquid equilibrium on the hydrogenation reaction, and the results showed that the solubility of hydrogen has an important influence on the reaction 10 Pintauro et al. observed that soybean oil hydrogenated in a proton exchange membrane PEM reactor with gaseous H 2 as the anode feed had many advantages over using water as the anode feed 14 . List et al. reported the electrochemical hydrogenation of soybean oil under filling H 2 conditions, where nearly 100 humidified H 2 was used as the anode and H 2 molecules were electrochemically oxidized to H and electrons. The electrons flowed through the external electrical circuit to the cathode, whereas the protons migrated through the Nafion membrane under the influence of the applied electric field. The TFA content of 90-110 IV prepared hydrogenated soybean oil ranged from 6.4 to 13.8 15 . Therefore, electrochemical hydrogenation of soybean oil under H 2 conditions can improve the solubility of H 2 in oil, to ensure that sufficient hydrogen diffuses into the surface of the catalyst in the system. H is adsorbed by the active center of the catalyst, and hydrogenation occurs when it encounters the double bond of adsorbed fatty acid 16 , thereby producing hydrogenated oils and reducing the formation of TFAs 17 .
Through the addition of H 2 to the self-made electrochemical hydrogenation reactor, the mechanism of H 2 ionization into H in the electrolyte was studied. Further, the solubility of H 2 in the electrolyte, the consumption of H 2 in the system, and the conductivity of the electrolyte were studied. Under optimal H 2 pressure, the effects of current, temperature, agitation speed and time on hydrogenated soybean oil products were studied to prepare low-TFA hydrogenated soybean oil.
Materials and Methods

Materials
First-grade soybean oil Iodine value IV 128 g I 2 /100 g oil was obtained from Jiusan Oils & Grains Industries Group Co., Ltd. Pd/C was obtained from Shanghai Xun Kai Chemical Technology Co., Ltd. The Nafion 117 proton exchange membrane was purchased from DuPont Co., USA. Dodecyl ethyl dimethyl ammonium bromide EDDAB was obtained from Shanghai Anyan Biotechnology Co., Ltd. Thirty-seven fatty acid samples were supplied by SigmaAldrich Co., LLC. All other chemicals were commercially available and of analytical grade.
Mechanism of electrochemical hydrogenation under
H 2 conditions H 2 was dissolved in the electrolyte under pre-determined pressure conditions, and water and H 2 molecules were electrochemically oxidized to H and electrons in the anode chamber. The electrons flowed through the external electrical circuit to the cathode, whereas the protons migrated through the Nafion membrane under the influence of the applied electric field. When the protons contacted the cathode, they combined with electrons to form the atomic and molecular H 2 reduction products 15 . The electrogenerated hydrogen then reacted chemically with the unsaturated fatty acids in the oil s triglycerides 18 . The overall oil hydrogenation reaction is described by Eqs. 1 , 2 , 3 and 4 :
An unwanted side reaction, which consumes current but does not affect the product yield, is the formation of H 2 gas, either by the chemical combination of two adsorbed hydrogen atoms or by the electrochemical reduction of adsorbed hydrogen. The reaction sequence is described by Eqs. 5 and 6 : 2H ads H 2 gas 5 H ads H e H 2 gas 6
With the increase in H 2 , the concentration of H 2 in the system increases. It can be seen from Equation 3 that the addition of H 2 increases the H concentration in the system, thus producing more adsorbed hydrogen in the reaction. Additionally, it can be seen from Equations 5 and 6 that H 2 inhibits the forward reaction progress and thus provides more adsorbed hydrogen for the hydrogenation reaction. In addition, an unstable semi-hydrogenated inter-mediate is easily generated during the hydrogenation process. When there is less hydrogen on the surface of the catalyst, the hydrogen atoms adsorbed by the semi-hydrogenated intermediate and the catalyst return to the surface of the catalyst, cis-trans isomerization occurs, and TFAs are produced. Therefore, when H 2 is added to the system and dissolved in the electrolyte, the number of hydrogen atoms around the catalyst increases, and these atoms can then combine with the semi-hydrogenated intermediate to obtain a saturated compound, reducing the formation of TFAs.
Methods
Electrochemical hydrogenation reactor
The electrochemical hydrogenation reactor was designed according to Yu 9 . The parameters of the electrochemical hydrogenation reactor are as follows: maximum pressure 18 MPa , volume 300 mL , main body material 316 L and maximum tolerance temperature 200 .
Experimental device
The electrochemical hydrogenation system for soybean oil hydrogenation was composed of a gas supply, an electrochemical reaction, and a sampling and measuring system. The system is shown in Fig. 1 .
The gas supply system of the electrochemical hydrogenation device is composed of a H 2 bottle and a N 2 bottle. The electrochemical reaction system is composed of a reactor, an electrochemical workstation IM6e, Zahner-Elektrik GmbH, Germany and a magnetic agitator with thermostat. The sampling and measuring system is composed of a sampling tank, an evaporation tank, a collecting tank, a thermometer and a pressure gauge. The volume of the sampling tank is 60.5 mL, and the volume of the evaporation tank is 330.5 mL.
Reliability test of the reactor
To ensure the reliability of the H 2 solubility data in the electrolyte, the solubility of H 2 in n-hexane was determined at pressures of 1.0, 3.0, 5.0, 7.0 and 9.0 MPa, a temperature of 60 , and an agitation speed of 300 rpm. The results were compared with reference values 19 .
The solubility of H 2 in n-hexane was determined by Eq. 7 :
where x is the mole fraction of H 2 in the solvent under the designed conditions, n g and n l are the quantities of evaporated H 2 and electrolyte, respectively. 2.3.4 Electrical conductivity of the electrolyte under H 2 conditions The conductivity of the electrolyte was measured in accordance with the method of Jianmin et al. 20 After the insulation performance of the anode and cathode chambers was tested, the anode and cathode electrolytes were added to their respective chambers. Then, H 2 was filled to the predetermined pressure, the magnetic agitator was turned on, H 2 was fully dissolved in the electrolyte, and the electrochemical workstation IM6e, Zahner-Elektrik GmbH, Germany was connected. The conductivity of the electrolyte was measured by adjusting the pressure, voltage, temperature and agitation speed. 2.3.5 Solubility of H 2 in the electrolyte 2.3.5.1 Solubility of H 2 in the electrolyte in the cathode chamber Soybean oil 36 mL , sodium formate solution 60 mL, 0.5 mol/L and EDDAB 1.0 g were added to the electrolyte in the cathode chamber of the reactor, and then N 2 12 MPa was fed into the sealed reactor. When the pressure remained stable for 30 min, the N 2 was discharged from the reactor followed by the addition of pressurized H 2 into the reactor, and the reaction mixture was agitated for 30 min at 300 rpm. The electrolyte was discharged from the bottom of the reactor into the sampling tank, and then the electrolyte was moved into the evaporation tank and the H 2 that was dissolved in the electrolyte was evaporated. The electrolyte in the evaporation tank was cooled to room temperature and moved to the collecting tank. The solubility of H 2 in the electrolyte was calculated as the sum of the volume of the evaporation tank and sampling tank minus the volume of electrolyte. The solubility of H 2 in the electrolyte under different conditions was measured by changing the experimental conditions. 2.3.5.2 Solubility of H 2 in the electrolyte in the anode chamber Sulfuric acid 100 mL, 0.5 mol/L was added to the electrolyte in the anode chamber of the reactor, and the solubility was determined as described above for the determination of the H 2 solubility in the cathode chamber. 2.3.6 H 2 Consumption in the electrochemical hydrogenation Soybean oil 15 mL , palladium carbon catalyst 0.4 , sodium formate solution 25 mL, 0.5 mol/L and EDDAB 0.4 g were added to the cathode chamber of the reactor, and sulfuric acid 40 mL, 0.5 mol/L was added to the anode chamber. The reactor was sealed and fed N 2 to test for leaks, and then he system was pumped to absolute vacuum. The experiment was conducted by introducing H 2 and adjusting the pressure, voltage, temperature, agitation speed and reaction time. After the hydrogenation reaction, the reaction mixture stood for 30 min, and then unconsumed H 2 was discharged into the sampling tank, recording the mass of the sampling tank before and after the reaction. H 2 consumption was calculated as the difference between the amount of H 2 before the reaction and the amount of unconsumed H 2 and the amount of H 2 dissolved in the electrolyte after the reaction. 2.3.7 Electrochemical hydrogenation of soybean oil under H 2 conditions The electrochemical hydrogenation of soybean oil was carried out according to the steps in section 2.3.6. After the hydrogenation reaction, the sample was taken from the cathode chamber and dissolved in 200 mL of n-hexane to extract the oil, and then n-hexane was separated by a rotary evaporator at 60 . Finally, the hydrogenated soybean oil was obtained by vacuum drying.
Analysis
Determination of IV
The IV of the hydrogenated soybean oil was assayed according to the AOCS Official Method Cd 1-25 21 .
2.4.2 Determination of the composition of the major fatty acids in soybean oil Oil samples were converted to their corresponding fatty acid methyl esters FAMEs following the alternate AOCS official method Ce 2-66 21 . The obtained FAMEs were analyzed by GC using a 100 m CP-Sil 88 column in a HewlettPackard 6890 series gas chromatograph, using the AOCS official method Ce 1 h-05 21 . The injection port and column were maintained at 250 and 181 , respectively. Helium carrier gas at 1 mL/min and a split injector split ratio 1:100 were used.
Statistical analysis
All of the measurements were carried out in triplicate, and the mean values and standard deviations were calculated. Data processing and drawing was performed with Origin 8.5. One-way ANOVA was performed with SPSS 17.0, and the differences were statistically significant by Duncan s test p 0.05 .
Results and Discussion
3.1 Properties of the electrolyte under H 2 conditions 3.1.1 Reliability of the experimental equipment
The solubility of H 2 in n-hexane at different pressures is shown in Fig. 2 .
The solubility of H 2 in n-hexane increased gradually with increasing H 2 pressure. The mole fraction of H 2 reached 0.013 at 1.0 MPa, and the mole fraction of H 2 increased to 0.072 at 9.0 MPa. The results were comparable to literature values 19 . Therefore, the experimental equipment was deemed reliable for measuring the solubility of H 2 at a designated pressure. 3.1.2 Conductivity of the electrolyte The conductivity of the electrolyte in the cathode and anode chambers under different H 2 pressures and electrolyte concentrations was measured at 60 . The results are shown in Fig. 3 .
As shown in Fig. 3 , the conductivity of the electrolyte is related to the content of H 2 in the system and the concentration of the electrolyte. The main factors that affect the conductivity are the quantity of ions and the kinematic velocity of the conductive ions. Moreover, the kinematic velocity of conductive ions in the electrolyte is related to the viscosity of the fluid. With an increase in H 2 pressure, the conductivity of the cathode electrolyte gradually increased. When the concentration of sodium formate in the electrolyte was 0.50 mol/L, the conductivity was significantly higher than when the concentrations of sodium formate were 0.16 mol/L and 0.33 mol/L. This result can be explained by the fact that by increasing the pressure, the solubility of H 2 increases, and the viscosity of the electrolyte decreases. When the concentration of sodium formate was high, the electrolyte contained more formate ions, which could transport more hydrogen ions to the double bonds of the unsaturated fatty acids. Then, hydrogen and bicarbonate ions promote the regeneration of formate ions, and as a result, the conductivity of the electrolyte increases 22 . Fig. 2 Solubility of H 2 in n-hexane at different pressures.
Electrochemical Hydrogenation of Soybean Oil under H 2 Conditions
When the concentration of sodium formate increased from 0.50 to 0.67 mol/L, the increase in conductivity was not obvious. This was because as the concentration of sodium formate increased, the viscosity of the electrolyte also increased, causing the ions in the electrolyte to move more slowly, and the change in conductivity was not obvious. Therefore, 0.50 mol/L sodium formate was selected for further study. The conductivity of the anode electrolyte changed in the same manner as the cathode. More H was generated by the electrolysis of H 2 in the anode, which increased the conductivity of the system 15 . With an increase in sulfuric acid, the number of conductive ions increased, and the conductivity increased. However, if the concentration of sulfuric acid is too high, the life of the proton exchange membrane will be affected. Therefore, 0.50 mol/L sulfuric acid was selected for further study.
Solubility and Consumption of H 2 in the electrolyte
The consumption of H 2 and the solubility of H 2 in the electrolytes of the cathode and anode were investigated at 60 , 0.50 mol/L sodium formate, 0.50 mol/L sulfuric acid and at different pressures. The results are shown in Fig. 4 and Fig. 5 .
As can be seen in Fig. 4 , the solubility of H 2 in the cathode electrolyte increased with increasing H 2 pressure. This is mainly because the increase in the system pressure increases the H 2 concentration in the reaction system, so that increases the gas density, which increases the amount of hydrogen dissolved in soybean oil and the amount of hydrogen diffused to the surface of the catalyst 23, 24 . The solubility of H 2 in the anode electrolyte was consistent with the change in the cathode. However, the solubility of H 2 in the anode electrolyte increased slowly with increasing H 2 pressure. Sulfuric acid was used in the anode electrolyte, and the solubility of H 2 in the anode electrolyte was suppressed under strong acid conditions. As can be seen in Fig. 5 , with the increase in H 2 pressure, the H 2 consumption tended to first increase and then become stable. When the H 2 pressure was between 1.0 and 3.0 MPa, the H 2 consumption increased gradually; when the pressure was more than 3.0 MPa, the hydrogenation reaction rate did not increase significantly. This could be attributed to the fact that as the H 2 pressure increased, the H 2 concentration in the electrolyte increased, the amount of hydrogen adsorbed onto the surface of the catalyst increased, and the effective concentration of hydrogen on the catalyst s surface became saturated at a certain pressure 25 . At the saturation level, there was sufficient hydrogen to participate in the oil hydrogenation reaction at the maximum rate, and the hydrogen consumption no longer changed. This is consistent with the conclusion of Kriaa 26 . Fig. 3 Conductivity of the electrolytes in the cathode and anode. In addition, the rate constant k 3 for the hydrogenation of trienoic acid was 0.0373, the rate constant k 2 for the hydrogenation of dienoic acid was 0.0079, and the rate constant k 1 for the hydrogenation of monoenoic acid was 0.0039. This indicates that the hydrogenation of dienoic acid was slower than that of trienoic acid but was faster than the hydrogenation of monoenoic acid 27 , so that the reaction rate first increased and then decreased, and the H 2 consumption first increased and then tended to be stable.
Effects of the electrochemical hydrogenation of oil under H 2 conditions
Through the study of the characteristics of the electrolyte after filling with H 2 , it was found that the conductivity of the electrolyte and the solubility of H 2 in the electrolyte increased with an increase in H 2 pressure. When the H 2 pressure reached 3 MPa, the H 2 consumption was higher and tended to be stable. Therefore, the effects of the electrochemical hydrogenation of soybean oil at a pressure of 3 MPa were investigated. 3.2.1 Effects of current on the IV and TFA content of electrochemically hydrogenated soybean oil under H 2 conditions The effects of current on the IV and TFA content of the hydrogenated soybean oil were investigated under the following conditions: dose of catalyst in the cathode chamber 0.4 , reaction pressure 3 MPa , hydrogenation time 9.5 h , agitation speed 350 rpm , and hydrogenation temperature 50 . Figure 6 shows the effects of current on the IV and TFA content of the hydrogenated product. The IV first decreased and then increased with increasing current, and the TFA content first increased and then decreased. When the current reached 120 mA, the degree of electrolysis of the water was higher 28 , the solubility of H 2 was high, there was enough hydrogen in the electrolyte, the quantity of conductive ions and the conductivity of the electrolyte increased, and the rate of the hydrogenation reaction reached a superior level. When the current continued to increase, the velocity of the hydrogen ions separating from the cathode was less than that of the hydrogen ions produced, and the hydrogen ions of the cathode easily formed H 2 , which covered the surface of the cathode. Therefore, the rate of hydrogen ion formation decreased. Moreover, the H 2 covering the surface of the cathode hindered the transfer of the electrons produced within the cathode, which decreased the quantity of formate ions regenerated, and as a result, the speed of the oil hydrogenation decreased, the IV decreased slowly, and the TFA content of the product decreased. This observation is in accordance with results previously shown by Xiao et al. 29 in which the authors studied the high oleic and low TFA formation by an electrochemical process. Therefore, the current was selected to be 120 mA. 3.2.2 Effects of temperature on the IV and TFA content of electrochemically hydrogenated soybean oil under H 2 conditions The effects of temperature on the hydrogenated soybean oil were investigated under the following conditions: dose of catalyst in the cathode chamber 0.4 , reaction pressure 3 MPa , hydrogenation time 9.5 h , agitation speed 350 rpm and current 120 mA . The results are shown in Fig. 7 .
With increasing temperature, the IV decreased and the TFA content of the product significantly increased. With an increase in temperature, the viscosity of the soybean oil decreased, the solubility of H 2 increased, the movement speed of the ions was enhanced, the conductivity of the electrolyte increased, the reaction rate of unsaturated fatty acids and H ions increased, the conversion of unsaturated fatty acids to saturated fatty acids was enhanced, and the IV of the products decreased. As the degree of hydrogena- tion increased, the TFA content in the products increased accordingly. As the hydrogenation reaction is exothermic, it is easy to generate TFAs at high temperature 30, 31 greater than 50 , which leads to a significant increase in trans isomerization of the oil product, and the TFA content increased significantly p 0.05 . Yusem et al. 32 observed that as the reaction temperature increased, the TFA content also increased, which is in accordance with the results presented here. Therefore, the temperature was selected to be 50 . 3.2.3 Effects of the agitation speed on the IV and TFA content of electrochemically hydrogenated soybean oil under H 2 conditions The effects of agitation speed on the properties of the hydrogenated soybean oil were evaluated under the following conditions: dose of catalyst in the cathode chamber 0.4 , reaction pressure 3 MPa , hydrogenation time 9.5 h , reaction temperature 50
, and current 120 mA . The results are shown Fig. 8 . Figure 8 shows the effects of agitation speed on the IV and TFA content of the hydrogenated product. With increasing agitation speed, the IV of the hydrogenated soybean oil decreased and the TFA content of the hydrogenated soybean oil significantly increased. The increase in agitation speed can improve the effects of mass and heat transfer, increase the solubility of H 2 in oil, and increase the contact probability of the unsaturated bonds in the oil and the adsorbed hydrogen on the surface of the catalyst. Therefore, the IV decreased, and the rate of unsaturated bond isomerization and TFA content of the hydrogenated soybean oil both increased as a result of the increasing agitation speed. When the agitation speed was higher than 300 rpm, the adsorbed hydrogen on the surface of the catalyst separated, causing a decrease in the effective concentration of hydrogen, the TFA content increased, and the IV gradually decreased. This result was consistent with the findings of Fu et al. 33 , who researched the effect of agitation speed on TFA content in hydrogenated soybean oil. Therefore, the agitation speed was selected to be 300 rpm. 3.2.4 Effects of time on the IV and TFA content of electrochemically hydrogenated soybean oil under H 2 conditions The effects of time on the properties of the hydrogenated soybean oil were evaluated under the following conditions: dose of catalyst in cathode chamber 0.4 , reaction pressure 3 MPa , agitation speed 350 rpm , reaction temperature 50
, and current 120 mA . The results are shown Fig. 9 .
With increasing time, the IV decreased and the TFA content of the product significantly increased. When the reaction time was longer than 7.5 h, the decline in IV slowed down, but the TFA content continued to increase. At the beginning of the hydrogenation reaction, present in the soybean oil were large amounts of linolenic acid and Fig. 7 Effects of temperature on the iodine value and TFA content of electrochemically hydrogenated soybean oil under H 2 conditions. Fig. 8 Effects of the agitation speed on the iodine value a n d T FA c o n t e n t o f e l e c t r o c h e m i c a l l y hydrogenated soybean oil under H 2 conditions. Fig. 9 Effects of time on the iodine value and TFA content of electrochemically hydrogenated soybean oil under H 2 conditions. linoleic acid, two highly unsaturated fatty acids, so the IV decreased rapidly with the prolongation of hydrogenation. By increasing the time, the effective concentration of hydrogen in the electrolyte decreased, and the degree of unsaturation of the oil decreased, which was accompanied by the generation of trans oleic acid isomers. The energy required for the hydrogenation of oleic acid is much higher than the energy required for the hydrogenation of polyunsaturated fatty acids, and the energy required for the hydrogenation of TFAs is higher than the energy required for the hydrogenation of cis fatty acids. Therefore, the rate of hydrogenation slowed down and the IV dropped very little. This result is consistent with the findings of Xiao et al. 29 ,
who researched the effects of reaction time on the IV during the hydrogenation of vegetable oil. Therefore, the time was selected to be 7.5 h. 3.2.5 Electrochemical hydrogenation of soybean oil The electrochemical hydrogenation of soybean oil was carried out at normal pressure and under H 2 conditions. The fatty acid profile, IV, and TFA content of the hydrogenated soybean oil at normal pressure were evaluated using the following parameters: current 120 mA , reaction temperature 50
, agitation speed 300 rpm and reaction time 12 h .
The fatty acid profile, IV, and TFA content of the hydrogenated soybean oil under H 2 conditions were evaluated using the following parameters: current 120 mA , reaction temperature 50
, agitation speed 300 rpm , reaction pressure 3 MPa and reaction time 7.5 h . The results are shown in Table 1 .
As shown in Table 1 , the IV of soybean oil decreased from 128.0 to 102.7 after hydrogenation at normal pressure and a reaction time of 12 h. This is consistent with the results of Yusem et al. 32 , who studied the electrochemical hydrogenation of soybean oil at normal pressure. The IV of the soybean oil decreased from 128 to 99.6 after hydrogenation under H 2 conditions at 3 MPa and a reaction time of 7.5 h. Compared with the hydrogenation of soybean oil at normal pressure, the electrochemical hydrogenation of soybean oil under H 2 conditions shortened the reaction time by 4.5 h and reduced the TFA content by 3.8 .
Conclusions
When the electrochemical hydrogenation reactor was filled with H 2 , the solubility of H 2 in the electrolytes increased, H 2 was electrolyzed at the anode to generate H so that the concentration of the adsorbed hydrogen on the surface of the catalyst increased, the rate of hydrogenation increased, the reaction time was shortened, and the TFA content in the oil was reduced. When the H 2 pressure reached 3 MPa, the adsorbed hydrogen on the surface of the catalyst became saturated and the mole fraction of H 2 in the electrolyte increased, H 2 was oxidized and electrolyzed to H at the anode, the conductivity of the electrolyte increased, and the consumption of H 2 became stable. At this time, the mole fraction of H 2 in the cathode electrolyte was 0.119, the mole fraction in the anode electrolyte was 0.061, the conductivity of the cathode was 0.0134 s/m, the conductivity of the anode was 0.0712 s/m, and the H 2 consumption was 0.112 mol/100g oil. Therefore, the electrochemical hydrogenation of soybean oil was carried out at a H 2 pressure of 3 MPa. The hydrogenation reaction time was shortened by 4.5 h and the TFA content was only 4.3 , providing a new method and approach to electrochemically hydrogenate low-TFA soybean oil.
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